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ABSTRACT

Fanastomig (also known as EMB-02) is a bispecific antibody targeting programmed cell death protein-1(PD-1) and lympho-
cyte activation gene-3 (LAG-3), developed for the treatment of advanced solid tumors. A first-in-human (FIH) Phase I study
(NCT04618393) evaluated safety, tolerability, pharmacokinetics (PK), pharmacodynamics (PD), immunogenicity, and clinical

efficacy of Fanastomig in patients with advanced solid tumors. To determine the recommended Phase II dose (RP2D), population

pharmacokinetics (PopPK), and exposure and response analysis (E-R) were conducted. The PopPK model, demonstrating good

performance, showed no clinically meaningful relationship between areas under the concentration-time curve (AUC) or max-

imum concentration (Cmax

) of Fanastomig and selected covariates of interest. A nonlinear E_, model was fitted to Fanastomig

PD-1 receptor occupancy (RO) in the peripheral blood compartment. The estimated half-maximal effective concentration (EC; )

was 0.084 pg/mL (95% confidence interval [CI]: 0.0369-0.131). Assuming a threefold lower exposure in tumor tissue compared
to that in serum, a target trough concentration of Fanastomig at ~2.27 ug/mL would be needed for 90% PD-1 RO in the tumor.
Modeling and simulation indicated that a weekly dosing (QW) of 360mg would achieve full peripheral blood RO in approxi-
mately 90% of patients. The incidence of anti-drug antibodies (ADAs) for Fanastomig was high (95.7%, 44/46), with a negative

correlation between the ADA titer and dose levels; meanwhile, ADA minimally impacted PK exposure and efficacy. An inverse

trend was observed between anaphylaxis and PK exposure. Fanastomig was well tolerated and had acceptable safety profiles up

to 900 mg QW. Based on these findings, two dosing regimens have been selected for further clinical development.

Trial Registration: ClinicalTrials.gov identifier: NCT04618393

1 | Introduction

In a first-in-human (FIH) study in oncology, identifying the
appropriate dose and dosing interval for Phase II trials is one
of the main investigative aims. However, small sample size,
typically heterogeneous study population, and limited efficacy
events often present significant challenges for selecting the
appropriate dosing regimen (s) in FIH study [1-3]. For some

targeted anticancer agents, higher yet efficacious doses lead to
off-target effects including toxicity, dose interruptions, and re-
duced compliance, while optimized lower yet efficacious doses
result in good antitumor responses with much lower toxicity and
better drug compliance [2, 4]. Model-based data analysis, which
integrates the preclinical data and clinical data, is a powerful
tool for extracting maximal information to inform the dosing
regimen(s) selection [5, 6]. In the early process of oncology drug
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Summary

« What is the current knowledge on the topic?

o Fanastomig is a bispecific antibody designed to
simultaneously target the immune checkpoints
programmed cell death protein-1 (PD-1) and lym-
phocyte activation gene-3 (LAG-3). By blocking both
PD-1 and LAG-3, it has the potential to enhance
antitumor immunity by overcoming resistance
mechanisms often associated with monotherapies
targeting a single checkpoint. Fanastomig has been
evaluated in a first-in-human (FIH) study to assess
its safety, pharmacokinetics (PK), pharmacodynam-
ics (PD), and clinical efficacy, with PK/PD data inte-
gration to inform dosing regimen strategies.

« What questions did this study address?

o This study aimed to use population PK/PD mode-
ling and simulation to characterize the PK profile
of Fanastomig, understand its pharmacodynamic
effects through PD-1 receptor occupancy (RO), as-
sess the impact of anti—drug antibodies (ADAs) on
PK, safety, and efficacy, and ultimately propose opti-
mized dosing regimens for Phase II clinical trials in
patients with advanced solid tumors.

« What does this study add to knowledge?

o The study established a two-compartment pop-
ulation pharmacokinetic (PK) model with time-
dependent linear elimination for Fanastomig,
revealing no covariate effects on PK parameters.
Evaluation of PD-1 receptor occupancy (RO) and the
corresponding target concentration of Fanastomig
in tumors supported two dosing regimens: 180 mg
weekly for 8weeks, followed by 360mg every
2weeks, and 300 mg weekly for 8 weeks, followed by
600 mg every 2weeks. These regimens are predicted
to maintain therapeutic concentrations while bal-
ancing safety considerations.

« How might this change drug discovery, development,
and/or therapeutics?

o This study underscores the value of model-informed
drug development (MIDD) in optimizing dosing
regimens for complex biologics like bispecific anti-
bodies in early-phase oncology trials. By integrat-
ing PK/PD modeling with receptor occupancy (RO)
data and considering immunogenicity factors, the
research provides a systematic approach to dose
selection that moves beyond traditional maximum
tolerated dose (MTD) paradigms. The findings high-
light that high ADA incidence does not necessarily
compromise drug efficacy or alter PK profiles signif-
icantly, offering insights into managing immuno-
genicity in multispecific antibody development.

development, particularly for targeting molecular pathways,
the Food and Drug Administration (FDA) and other health au-
thorities have advocated the model-informed drug development
(MIDD) paradigm over the traditional maximum tolerated dose
(MTD) approach [4, 7]. The shift from the MTD paradigm to the
MIDD approach in dose selection has been increasingly empha-
sized during recent years [8].

In the MIDD approach, a reliable pharmacodynamics (PD) bio-
marker can provide informative surrogate data to characterize
the relationship between drug exposure and efficacy or safety.
For certain cellular-targeted agents, immune parameters and
receptor occupancy (RO) are critical PD readouts in drug de-
velopment, helping to establish minimum biological effect dose
regimens. For example, in the immune oncology field, the CD3*,
CD8*, or CD45%/CD3* were measured as T-cell markers for pro-
grammed cell death protein-1 (PD-1) blockage in several pub-
lished studies [9-11].

Using PD-1 RO as a basis for comparing alternative dosing reg-
imens is a widely accepted approach in immune-oncology, as it
partially reflects the mechanism of action, which involves im-
mune checkpoint blockade, of this class of drug. Nivolumab data
show that receptor occupancy exceeds 65% at doses >0.3mg/kg,
with the 3mg/kg dose approved for monotherapy across most
indications [12, 13]. Pembrolizumab data show that receptor
saturation >95% is achieved at doses >1mg/kg, with the 2mg/
kg dose approved for monotherapy in most indications [13, 14].
Furthermore, an FDA guideline indicates that receptor occu-
pancy data can be used to support changes in dosing regimens
[15]. Although a good correlation between peripheral blood RO
and tumor RO has been reported in preclinical models [16],
practical challenges such as tumor heterogeneity and the tumor
microenvironment (TME) must be fully considered when inter-
preting these biomarkers [17, 18].

This article describes the application of integrated population
PK/PD modeling of the FIH dose escalation data to optimize
the dosing regimens for Fanastomig, a symmetric IgG-like bi-
specific antibody against PD-1 and LAG-3. Dual blockade of
PD-1 and LAG-3 in the TME, where they can be co-expressed on
the same T cells, affords the opportunity to maximize immune
checkpoint blockade while limiting systemic toxicity [19]. To re-
duce potential effector function induced depletion of immune
cells expressing PD-1 or LAG-3, Fanastomig was specifically de-
signed with decreased effector function by the Fabs-In-Tandem
Immunoglobulin (FIT-Ig) platform, in which the human IgG1
Fc domain of Fanastomig was engineered to contain a LALA
double mutation (mutation of leucine residues at positions 234
and 235 into alanine residues) [20].

In this study, a total of 47 patients with various metastatic or
advanced solid tumors received Fanastomig at dose levels rang-
ing from 6 to 900mg once weekly (QW). The overall response
(ORR) was 6.4%, with 3 patients achieving the best overall re-
sponse (BOR) of confirmed complete response (CR)—one in the
6mg group and two in the 60 mg group—and no patients achiev-
ing BOR of partial response (PR). With 18 (38.3%) patients hav-
ing a BOR of stable disease (SD), the disease control rate (DCR)
was 44.7% (21/47). The MTD was not reached for Fanastomig;
only one dose-limiting toxicity (DLT) event (Grade 4 immune-
mediated hepatitis) occurred at 900 mg in five patients. No other
significant safety concerns were observed at doses below 900 mg
QW. The most frequent treatment-related adverse events (AEs)
were infusion-related reaction (IRR), fatigue, and diarrhea [In
press|.

Here, we report the first PopPK, exposure efficacy, and exposure-
safety analysis of the Fanastomig. The analysis evaluates the
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impact of intrinsic and extrinsic factors on the PK of Fanastomig
and explores the PK exposure levels required to maintain full
PD-1 receptor occupancy in tumors, thereby helping to identify
potentially effective doses.

2 | Methods
2.1 | Study Design and Objectives

This was a FIH, open-label, dose escalation study conducted in
patients with advanced solid tumors enrolled from China, the
United States, and Australia. The primary objective of this study
was to evaluate the safety and tolerability of Fanastomig and to
determine the MTD and/or recommended Phase 2 doses (RP2Ds).
The secondary objectives included characterizing the PK pro-
file, assessing preliminary antitumor activity using Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1, and
characterizing the anti-drug antibody (ADA) of Fanastomig.

The study consisted of two parts. Part 1 was the dose escalation
stage, exploring safety, tolerability, preliminary efficacy signal,
PK, and PD profiles of Fanastomig at dose levels ranging from
6 to 900 mg, administered QW. Part 2 was the dose enrichment
stage, with expansion at dose levels of 60, 180, and 600 mg.

The study was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines (GCP). The
protocol was approved by the ethics committee at each inves-
tigational site, and all participants provided written informed
consent prior to enrollment.

2.2 | Dose Regimen and Sample Analysis

In the development of the PopPK model, all patients who re-
ceived at least one dose of Fanastomig and had at least one
PK sample were included in the PK population for model de-
velopment. Fanastomig dose regimens included 6, 20, 60, 180,
360, 600, and 900 mg administered QW in Part 1, and 60, 180,
and 600mg QW in Part 2. Serum samples were analyzed for
Fanastomig concentration using an enzyme-linked immuno-
sorbent assay (ELISA). PD biomarker PD-1 RO was measured
in blood samples using a flow cytometry assay. Serum ADAs
against Fanastomig were detected using an electrochemilumi-
nescence method.

2.3 | PopPK Model Development

The PopPK model of Fanastomig was developed using the
nonlinear mixed effects (NLME) modeling software Phoenix
NLME Version 8.0 (Certara USA Inc., Princeton, NJ, USA),
employing the first-order conditions estimate (FOCE) method.
Model development followed a three-step process: (1) estab-
lishment of a basic structural model that adequately described
the PK profiles of Fanastomig in the population; (2) identifica-
tion of significant covariates explaining interindividual vari-
ability (IIV) in the PopPK model; (3) development of the final
PopPK model by incorporating significant covariates into the
base model.

In the assessment of the structural model, various models were
evaluated, including two-compartment models incorporating
linear, nonlinear, and parallel linear/nonlinear clearance (CL)
mechanisms. Additionally, time-dependent CL was considered,
with the sigmoid maximal inhibitory clearance model being ap-
plied (Equation 1), as observed with other immune checkpoint
inhibitors such as nivolumab, atezolizumab, and durvalumab
[21-24]. Furthermore, a simpler exponential decay model
(Equation 2), both as a standalone model and in combination
with time-independent or nonlinear CL, was also investigated.

Imaxi % th

_ _maxt 1
CL;; = TVCL*exp ngn + tlHin O
CLi,t =TVCL % eXP(_Kdes * ti) @

where, CL,;, represents CL of the ith individual at time ¢t. TVCL
denotes the typical value of CL at Time=0. [, indicates the
maximal change in CL relative to baseline CL for the ith individ-
ual, and T, is the time at which the change is half of its maxi-
mum in CL, while Hill is an exponential shape parameter. K, is

the decay coefficient of time-dependent clearance.

The following exponential random-effects models were
employed to characterize the inter-individual variability
(Equation 3) and proportional residual models were employed to
characterize the residual variability (Equation 4)

0, = 0= exp(n;) 3)

Cp,j=Cx(1+¢y) @)
where 6 is the population typical value and #i is the deviation
from the typical for the ith subject with a mean of zero and vari-
ance w2. The approximate percent coefficient of variation (%CV)
was reported (Equation 5). Where Cij is the jth measured ob-
servation for the ith subject and €, is the proportional residual
random error, for an individual i and measurement j.

%CV = V02 x 100% )

Covariates were evaluated for their effect on Fanastomig PK
parameters using a stepwise covariate modeling (SCM) strat-
egy. Based on the predefined criteria and graphical evaluation
from the base model, the relationship between continuous co-
variates and PK parameters was described using power models
(Equation 6) while categorical covariates were tested using a
linear function (Equation 7)

. OPar,Cov
Par; = Par _Covi, (6)
Covmed
Pari = Parref * (1 + ePar,Cov) (7)

Par, is the parameter value for the ith individual, and Par ; is
the parameter value when the covariate was the standard ref-
erence value or median value. Covi is the covariate value of the
ith individual, and Cov_, is the covariate median value in the
population. 8 (Par, Cov) is a parameter describing the covariate
effect on the parameter.
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The Stepwise covariate modeling was conducted using a change
in objective function value (OFV) of 6.63 (p <0.01) for forward
inclusion and 10.8 (p<0.001) for backward elimination. The
stability and predictive performance (i.e., precision and accu-
racy) of models were evaluated using Objective function value
(OFV), Bayesian information criteria (BIC), Akaike information
criterion (AIC), relative standard error (RSE), goodness-of-fit
plots (GOF), and the normalized prediction distribution (NPD),
visual predictive checks (VPCs) and prediction-corrected VPC
(pcVPC). Additionally, the physiological plausibility of the pa-
rameter estimates and successful numerical convergence were
ensured.

Forest plots that illustrate the effect of covariates on exposure
metrics at steady state were generated based on simulations with
uncertainty in fixed-effect parameters. The reference condition
was the approximate median value, and the test conditions were
the 5th and 95th percentiles for continuous covariates. For cat-
egorical covariates, the conditions were the same mode of the
final model. A total of 1000 sets of fixed-effect parameters were
sampled from the estimated value.

2.4 | Receptor Occupancy Assessment

To evaluate the PD effect of Fanastomig, RO of PD-1 and LAG-3
on peripheral blood CD3*, CD4*, and CD8* T cells were mea-
sured. Blood samples for PD biomarkers were collected predose
on Cycle 1Day (C1D1), 48h post-first infusion (+1h), and prior
to dosing on C1D8, C1D15, C1D22, C2D1, C3D1, and C4D1.
PD-1 RO in each sample was measured using a validated flow
cytometry assay. Due to the very low expression level of LAG-3
on peripheral blood T cells, LAG-3 RO could not be accurately
calculated. All PD-1 RO data were included in a nonlinear E_,
model to estimate the EC,, value.

X

2.5 | Assessment of ADA and Exploratory Analysis
of ADA Titer Effects on PK, Safety, and Efficacy

ADA data were collected from 46 evaluable patients who had
at least both ADA test readouts at baseline and any time post-
first dose. All samples are analyzed in a screening assay, with
positive samples being tested in a confirmatory assay and typ-
ically further characterized to assess ADA titer. The ADA titer
for each positive sample was determined by analyzing serial
dilutions. The effect of ADA titer on PK, safety, and efficacy
was evaluated. Exploratory boxplots were generated to inves-
tigate the relationship between ADA titer and PK, safety, and
efficacy metrics, with statistical evaluation performed using
the Wilcoxon test.

2.5.1 | ADA Titer and PK Analysis

The ADA titer and PK analysis included 30 out of 46 patients
(65.2%) who had both ADA results prior to C2D1 and PK pa-
rameters available at C2D1. Patients who developed ADA pos-
itive were grouped based on their maximum ADA titer values.
The median value of the maximum titer among ADApositive
patients was 56.96. Patients were classified into three groups:

the ADA negative group (n=35), the low ADA titer group
(n=13), which included patients with a maximum ADA titer
below 56.96, and the high ADA titer group (n =12), which con-
sisted of patients with a maximum ADA titer > 56.96.

2.5.2 | ADA Titer and Safety/Efficacy Analysis

Some studies have reported that patients who are ADA-
positive may experience anaphylactic reactions. Anaphylaxis
is conventionally considered an immunoglobulin E (IgE)-
mediated reaction, involving symptoms such as hypotension,
bronchospasm, laryngeal or pharyngeal edema, wheezing,
and/or urticaria [25, 26]. Therefore, safety parameters for
anaphylaxis—including infusion-related reaction (IRR), hy-
potension, wheezing, and urticaria related to Fanastomig—
were analyzed using preferred term codes from the Medical
Dictionary for Regulatory Activities (MedDRA) Version 23.0.
The relationship between ADA titer and treatment-related
AEs of anaphylaxis was assessed by evaluating the statistical
significance (p value) of the association between ADA titer
and the binary occurrence of anaphylactic events (responder
and nonresponder). Patients with both positive ADA results
and symptoms of anaphylaxis were included in this analysis.
A total of 44 patients were categorized into responder and
nonresponder groups based on the presence or absence of
anaphylactic reactions. The impact of ADA titer on treatment
efficacy was evaluated using the same method as for safety.
This assessment aimed to understand the correlation between
ADA levels and clinical effectiveness.

2.6 | E-R Analysis

Exposure-safety and exposure-efficacy datasets were con-
structed for patients administered IV Fanastomig who had
evaluable efficacy or safety data, along with post hoc esti-
mated PK exposure parameters from the final PopPK model.
To explore the relationship between Fanastomig exposure and
safety/efficacy, we examined the correlation between under
area concentration-time curve (AUC) and maximum concen-
tration (C, ) with the incidence of anaphylaxis. Additionally,
AUC and C2D1 trough concentration (Ctrough) were included
in a correlation analysis of the best tumor size change from
baseline. The analysis was performed using R software (ver-
sion 4.3.3).

3 | Results

3.1 | PopPK Model Characterization, Evaluation,
and Influence of Covariate on Exposure

A total of 950 PK observations from 47 patients were initially
considered for the development of the PopPK model. However,
249 PX observations from 12 patients were excluded because
these patients had been pretreated with PD-1 inhibitors within
4months prior to initiating the Fanastomig treatment and ex-
hibited higher predose concentrations of anti-PD(L)1 antibody.
Additionally, 71 below quantification limit (BQL) values—33
samples collected prior to the first dose and 38 samples collected
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post treatment—were excluded during the model development
stage, with 5 outlier values also excluded in the model develop-
ment stage. As a result, 625 PK observations concentrations were
utilized in the final model. Baseline demographics and clinical
characteristics used as covariates in the PopPK model are sum-
marized in Table S1.

The list of the structure model development is provided in
Table S2. The covariate screening results and the outcomes of
stepwise covariate modeling for the covariate model are presented
in Figure S1 and Appendix S1, respectively. Table 1 presents the
final population PK parameters estimates along with their pre-
cision and the results of the bootstrap validation procedure. The
concentration-time profile of Fanastomig was well described by a
two-compartment model with time-dependent linear elimination.
The time dependency in clearance (CL) was best characterized em-
pirically by a sigmoid I_, function, with a maximum reduction
of 61.5%.

The relative standard error (RSE%) for each fixed effects pa-
rameter estimate was <30%, indicating acceptable precision.
Relatively large RSE% values were observed for IIV, ranging
from 24.0% to 43.77%, while the residual variability, described
by a proportional error model, was 7.36%. The median value
of the PopPK parameter estimates obtained from the bootstrap
procedure was similar to those derived from the final popula-
tion model, suggesting that the final model reliably estimates

the parameters. The model-estimated median half-life was
3.7days.

Across the range of Fanastomig doses, the final model demon-
strated appropriate agreement between observed and model
prediction values, indicating that the model estimated PK pa-
rameters with sufficient precision. The conditional weighted
residual (CWRES) from the GOF plot (Figure S2) was randomly
scattered around zero across the predicted range and over time.
The VPC plot (Figure 1) and pcVPC (Figure S3) indicated that
the vast majority of DV were contained within the final model-
based simulation confidence intervals, indicating the model had
good prediction performance. The NPD was considered a nor-
mal distribution and variance homogeneity, and the NPD ver-
sus time or prediction had no apparent tendency to deviate from
specified intervals (Figure S4). Overall, the final model ade-
quately predicted the Fanastomig concentration vs. time profile
across doses. The final model code can be found in Appendix S1.

The final PopPK model included the covariate effects of albumin.
Forest plots of the impacts of covariates on exposure at steady
state in the final model are shown in Figure 2. As with AUC,
the impacts of ALB covariates were within the no-effect range
of 80%-125% of the point estimate of the covariates. However,
patients with a lower ALB level had a reduction of 25% in C,_,..
The VPC plot stratified by ALB demonstrated consistent trends
across all strata (Figure S5).

TABLE1 | Estimation of PK parameters in the best final model and bootstrap procedure.

Final model

Bootstrap (n=500)

Parameter Estimated RSE (%) 95% CI Median 95% CI
Fixed effect parameter
V. (L)? 5.20 4.52 4.73-5.66 5.17 4.73-5.72
Vp (L) 3.15 12.1 2.40-3.90 3.14 2.39-4.03
CL (L/h)? 0.215 5.76 0.190-0.239 0.215 0.194-0.242
Q(L/h) 0.0463 12.5 0.0350-0.0576 0.0461 0.036-0.0603
I8 —0.954 -12.6 -1.19 to —0.717 —-0.959 —1.21 to-0.732
Hill 8.49 28.6 7.73-13.3 8.68 4.54-72.5
T, (h)? 180 9.24 147-213 178 148-227
Effect of ALB on v, —-0.924 -19.2 —1.27 t0-0.576 —-0.952 —1.34 to —0.567
Interindividual variability
IV (w*Vc) 0.035 34.4 0.0113-0.0584 0.0316 0.00791-0.0544
IV (w? Cl) 0.068 24.0 0.0360-0.1002 0.0664 0.0323-0.101
IIv (wzlmax) 0.416 28.1 0.187-0.645 0.402 0.166-0.639
1Iv (szSO) 0.394 43.77 0.056-0.713 0.386 0.0116-0.760
Residual variability
Prop (o) 0.378 7.36 0.323-0.433 0.378 0.320-0.429

Note: The shrinkage was calculated using the following equation: n-shrinkage =1-SD (3)/w.

Abbreviations: ALB, albumin; CI, confidence interval; CL, apparent systemic clearance; IIV, interindividual variability; I

‘naxe Maximal decrease in clearance relative to

baseline; Prop, proportional part of the residual error variance; Q, inter-compartment clearance; RSE, relative standard error; T, time at which 50% of I is reached;
V., central volume of distribution; V, peripheral volume of distribution; o, standard deviations of sigma; w?, variance of omega.
*Shrinkage estimates: 27.0% for ITV in V, 11.6% for IIV in CL, 9.2% for IV in I and 21.6% for IV in T
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FIGURE1 | Visual predictive check (VPC) for logarithmic-transformed observations of Fanastomig. The black points represent observed concen-
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50th, and 95th percentiles of observed concentrations, and the shaded regions represent the 95% CIs for the medians (solid red lines), respectively.

3.2 | Receptor Occupancy

Based on the observed data, Fanastomig showed dose-dependent
PD-1 RO across the 6-360 mg dose cohort. Complete occupancy of
PD-1 receptors was achieved at doses >360mg of Fanastomig. The
available RO data, based on CD3* T cells, were fitted to an E,_,
model as a function of Fanastomig concentration. The EC, for
peripheral PD-1 RO was approximately 0.084 pg/mL (Figure 3).
Based on this EC, value, a target Fanastomig concentration of
0.756 pug/mL is needed to maintain 90% of maximal peripheral
PD-1 RO. Considering a typical threefold dilution factor for pene-
tration into tumor tissues, a concentration of 2.27 ug/mL would be
required to achieve 90% PD-1 RO within the tumor [27-29].

3.3 | Predicted Exposure

Predicted Fanastomig concentration versus time profiles for pa-
tients were simulated using individual post hoc PK parameter
estimates from the final model. Both the target serum exposure
of Fanastomig, estimated in an E_, model of the peripheral
RO data and clinical pharmacokinetic data obtained from pa-
tients, indicated that a 360 mg QW regimen would be sufficient

to maintain the trough concentration above the preliminary
established target concentration of 2.27 pg/mL (Figure 4). This
indicates that this dosing regimen should be further explored in
more patients to assess its efficacy and safety.

However, considering recent findings regarding patient adher-
ence and the convenience of the dosing regimen, alternative dos-
ing strategies were evaluated to enhance the overall treatment
experience and ensure the utilization of the optimal dose in on-
cology. To achieve this, we evaluated multiple dosing regimens
to identify more convenient dosing schemes for a broader patient
population, thereby facilitating drug development.

The first alternative regimen involved an initial phase of 300 mg
QW for eight doses, followed by 600mg Q2W. Simulation data
indicated that most patients reached target concentration lev-
els after the fifth 300mg QW dose, with nearly 70% maintain-
ing these levels after the fourth 600mg Q2W dose (a total of 12
doses). The second regimen started with 180mg QW for eight
doses, followed by 360 mg Q2W. In this case, simulations showed
that approximately 70% of patients reached target concentration
levels after the fifth 180 mg QW dose, with approximately 50% of
patients maintaining these levels after the fourth 360mg Q2W
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represents the median (50th percentile). The dash red line represents target exposure (~2.27 ug/mL) derived E_, model.

dose (a total of 12 doses) (Table S3). The comparison of the me-
dian serum concentration-time profiles following the 360mg
QW and alternative regimens (180 QW for 8 weeks followed by
360mg Q2W and 300 QW for 8 weeks followed by 600 mg Q2W)
is displayed in Figure S6.

3.4 | Immunogenicity Evaluation and Exploratory
Analysis of Effect of ADA Titer on PK, Safety,
and Efficacy

The preliminary immunogenicity assessment of Fanastomig in-
dicated a relatively high incidence of ADAs, with 44 out of 46
(95.7%) evaluable patients showing positive results. The median
onset time for ADA development was 14 days. A summary of ADA
data is presented in Table S4. A boxplot of maximum ADA titer
versus dose levels demonstrated an inverse relationship: higher
titers were observed at 6 and 20mg doses, whereas doses exceed-
ing 60mg generally resulted in lower ADA titers (Figure 5a).

3.5 | ADA Titer and PK Analysis

Patients who experienced high ADA titer had a marginally lower
median CL compared to those with low ADA titer and ADA nega-
tive status, indicating a significant difference with p>0.016. The

result of the analysis suggests that, based on the limited data, the
CL was not substantially affected by ADA titer (Figure 5b).

3.6 | ADA Titer and Safety (Anaphylaxis)/Efficacy
Analysis

Patients who experienced anaphylaxis had a visibly higher me-
dian ADA titer compared to those who did not, indicating a sig-
nificant difference with p=0.0068 (Figure 5c). The significant
increase in ADA titer among these patients suggests the possi-
bility of a heightened immune response, which may contribute
to the observed anaphylactic reactions.

Both responders and nonresponders, in terms of DCR, exhib-
ited similar median ADA titer, with no significant difference
(p=0.9) (Figure 5d). This similarity suggests that ADA presence
may not be a distinguishing factor for DCR, although the limited
number of patients warrants cautious interpretation.

3.7 | Exposure-Safety/Efficacy Relationship

Logistic regression analysis was conducted to evaluate the expo-
sure-safety relationship, focusing on the most prevalent drug-
related AE of anaphylaxis. Exposure metrics at C2D1 for the
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patients included in the ER analysis of safety (n=35) indicated
that there was a negative trend between AUC or C,, and the
incidence of anaphylaxis (Figure 6a,b), this trend was not a sta-
tistically significant relationship (p>0.05).

Correlation analysis was performed to assess the relationship
between exposure and efficacy, measured by the best change in
tumor size from baseline. Exposure metrics at C2D1 for the pa-
tients included in the efficacy analysis (n=27) showed a nearly
flat trend between Ctmngh or AUC and the best change in tumor
size (Figure 6¢,d), with no statistically significant relationship

(p>0.05).

4 | Discussion

This analysis represents the first evaluation of the PopPK of
Fanastomig, based on interim data collected in the completed
Phase 1 part of the EMB02X101 trial in patients with advanced
solid tumors. The PK profile of Fanastomig was well described

by a two-compartment model with a time-dependent linear
elimination. Both time-varying CL and a linear elimination
pattern have previously been observed for Immune Checkpoint
Inhibitors (ICIs) within their therapeutic dose range [30].
However, while Fanastomig demonstrated time-varying CL,
the magnitude of this change was higher compared to obser-
vations for other PD-1 inhibitors. Specifically, the typical max-
imum reduction in Fanastomig CL over time was estimated at
61.5%, which is higher than that reported for pembrolizumab
(20%-30%), nivolumab (~25%), or dostarlimab (14.9%) [30-33].
Furthermore, the Hill parameter (8.49) was slightly higher
compared to other PD-1 inhibitors, indicating a relatively steep
time-CL relationship. This phenomenon has largely been at-
tributed to disease status, whereby CL decreases as tumor bur-
den declines [32]. Improvement in tumor burden reduces the
amount of available surface targets and hence limits the capac-
ity for target-mediated degradation of ICIs [32]. The observed
differences in the maximum change in CL over time between
agents may be due to variations in study sampling schemes
and the proportion of available patients undergoing long-term
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treatment [31, 32]. In contrast to previous reports on other PD-1
inhibitors, body weight was not identified as a statistically sig-
nificant covariate impacting the PK parameters of Fanastomig
in this study. This suggests that fixed dosing of Fanastomig is
appropriate.

The GOF plots indicate some underprediction for observations
>140ug/mL, representing approximately 5% of the dataset.
Notably, concentrations exceeding 140ug/mL were observed
only at doses >600mg. This underprediction bias could poten-
tially be attributed to factors such as inaccurate PK sampling sites
(e.g., collecting PK samples from the same arm as the infusion
site, contrary to the clinical protocol). Additionally, the limited
sample size in this concentration range may have contributed
to the model's inability to accurately capture these higher con-
centrations. Despite this observation, the bias is not considered
clinically meaningful. This model might be further modified and
validated after accumulating more data in future clinical trials.

PD-1 has predominant cell surface expression, which is dis-
played persistently at the cell surface [15]. The EC,,-derived
E_ ., model for anti-PD-1 peripheral RO is about 0.084ug/mL,
which was observed with a limited sample size as one caveat.

Based on the PK and RO data, two additional less-frequent dos-
ing regimens were proposed. These dosing adjustments aim to

assess the feasibility and potential patient benefits regarding
compliance and therapeutic outcomes. The specific dosing regi-
mens require further exploration in a larger patient population.
The rationale behind this approach is that a flexible dosing strat-
egy may alleviate the burden on patients and maximize the ben-
efit/risk ratio while maintaining the desired pharmacological
effect. The goal was to identify an optimal dosing regimen that
balances effectiveness and safety, thereby enhancing adherence
and overall treatment success.

A higher incidence of ADA was observed among patients.
Despite the elevated titer, no significant impact on PK param-
eters such as CL or V (data not shown) was observed. This sug-
gests that the presence of ADA does not necessarily correlate
with reduced drug efficacy or altered PK in this patient popu-
lation. The most frequent treatment-related AEs were IRR, fa-
tigue, and diarrhea. Although fatigue and diarrhea occurred
in a small percentage of patients (< 15% for any grade), this fre-
quency does not warrant further detailed analysis. Interestingly,
a strong correlation was observed between the maximum ADA
titer and anaphylaxis. Conversely, an inverse relationship be-
tween maximum ADA titer and the administered dose was
noted, suggesting that a higher dosing regimen might mitigate
the effect of ADA on anaphylaxis. Therefore, relatively higher
dose regimens are proposed for further development to explore
an optimized benefit/risk profile. No significant ER relationship
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between any Fanastomig exposure metrics and tumor size was
observed in the limited number of patients.

In conclusion, the evaluation of PD-1 RO and the correspond-
ing target concentration of Fanastomig in tumors provides a
rationale for the recommended therapeutic dosing regimen for
Fanastomig monotherapy. This dosing regimen did not cause
any safety risks based on the safety—exposure analysis, and
a preliminary efficacy signal was observed. These findings
may offer an optimization of the benefit/risk ratio in potential
indications.
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